Immune system dysfunction is one of the key features in onset and development of cancer and autoimmunity.
Introduction
Immune system dysfunction is one of the key features in onset and development of cancer and autoimmunity [1] . One reason for the development of malignancies is failure of T lymphocytes to recognize tumor-specific antigens. Presentation of antigen to T cell receptor (TCR) by major histocompatibility complex (MHC) proteins is a part of T cells mechanism to eliminate foreign antigen [2] [3] [4] . Antigen presentation to T cells alone however, is not enough to achieve effective immunogenic cell death in emerging or progressing malignancies [2] . Complex protein-protein interactions contribute to T cell activation and lead to stimulatory and/or inhibitory signals production, necessary for normal function of the immune system [5] .
Interaction of CD28 (Cluster of Differentiation 28) or inducible costimulator (ICOS) [6] receptors from T cell with CD 80 (B7-1) or CD86 (B7-2) ligands from antigen presenting cell (APC) activates T cell, leading to secretion of cytokines [7, 8] . T cell activation and excessive expansion of activated T cells is inhibited by negative signals provided by immune checkpoints, cytotoxic T-lymphocyte antigen-4 (CTLA-4) and programmed death 1 (PD-1) [9] . Both CD28 and CTLA-4 receptors bind to CD80 and CD86 with different affinity. CD28 is a highly expressed receptor but has low-affinity for CD80 and CD86 ligands, whereas CTLA-4 is a low abundance receptor with higher-affinity for the ligands [10, 11] . CTLA-4 serves as a negative regulator when it is associated with Treg cells and present antigen to T cells when they are expressed by antigen presenting cells [12] .
CD28, on the other hand, is constitutively expressed on both resting and activated conventional T cells [13] . The lack of balance between these two receptors leads to malignancy and loss of immune tolerance [14] . It has been shown that inhibition of CTLA-4 results in increased activation of the immune system. This finding has led to new immunotherapies for melanoma [15, 16] , non-small cell lung cancer, and other cancers [17] [18] [19] [20] [21] . Activation of immune system by anti-CTLA-4 monoclonal antibody therapy apparently has improved the melanoma outcomes for cancer patients [22] . Despite many findings (information) regarding mechanisms by which CTLA-4 regulates T cell response, several studies suggest that genetic factors are involved in susceptibility to autoimmune diseases and malignancy [23] [24] [25] [26] .
In this mini-review, the mechanism by which CTLA-4 regulates T cell response and the effect of its gene mutations as associated with autoimmune and cancer susceptibility will be discussed.
CTLA-4 Structure and Function
CTLA-4 (Gene ID:1493, MIM number:123890) is a new member of the immunoglobulin superfamily known as insulin-dependent diabetes mellitus 12 (IDDM 12) [27] and cluster of differentiation 152 (CD152) [28] . It is mapped to chromosome 2q33 with a nucleotide size of about 6.2 kb and consists of four exons and 3 introns [29] . The CTLA-4 protein consists of a 37 amino acid CTLA-4 is an intracellular protein that translocates to cell surface through recruitment of enzymes such as GTPase ADP ribosylation factor-1 and phospholipase D [6, 17, 37 ]. An association between low expression of the sCTLA-4 and susceptibility to autoimmune diseases, such as Type 1 diabetes has been reported [31, 32, 38] . Although the importance of CTLA-4 in maintaining immune homeostasis is unquestionable, the mechanism of CTLA-4 function is still unclear. We have summarized several different pathways which have been suggested previously [39] .
Both T cell-intrinsic and T-cell extrinsic mechanism have been proposed for CTLA-4 as summarized in Figures 1 and 2 [40]. Carreno and coworkers have predicted that in early stages of immune response which CD80 is expressed at low levels, negative signal generated via CTLA-4 is a primary mechanism for inhibition of T lymphocyte activation. Whereas both CTLA-4 negative signaling through CTLA-4 and CD80 sequestration would be effective during later stages of immune response when CD80 expression is increased by IFN-gamma stimulation [52, 53] . gene has been identified [57, 58] . However, the functional role of only a few of the SNPs and their association with susceptibility to diseases are well documented. CTLA-4 +49 A/G SNP in exon 1 leads to alanine to threonine substitution in leader sequence and affects the protein processing in the endoplasmic reticulum (ER), leading to lower effective glycosylation which plays an important role in protein membrane expression [36, 59] . Two of the most important CTLA-4 gene variations are G/A nucleotide transition at position -1661 and T/C change at −1722 within the promoter region [60] . T/C change at position −1722 affects binding sites of transcription factors, whereas G/A transition at position −1661 may alter the potential response element for myocyte enhancer factor 2 (MEF2) [61, 62] . GG genotype compared with AA at +6230 (CT60) position leads to less expression of sCTLA-4 versus full-length isoform by 50%.
Individuals with AA genotype and high levels of sCTLA-4 were protected against risk of some autoimmune diseases. Moreover +6230 (CT60) AA Vs GG genotype was associated with increased T reg cells levels in peripheral blood. Also the higher promoter activity and the higher expression of membrane CTLA-4 were associated with allelic variant at −318 C/T position in promoter region [36] .
In this mini review, the role of CTLA-4 +49 A/G, CT60 A/G, and −318 C/T SNPs in malignancies (Table 1 ) and autoimmune diseases susceptibility (Table 2 ) will be discussed. 
CTLA-4+49 A/G SNP (rs231775)
Studies demonstrated that CTLA-4 +49A/G is strongly associated with autoimmune diseases [63, 64] .
A significant association was found between the presence of CTLA-4 +49A/G, G allele and GG+GA genotypes with increased risk of Graves' disease (GD) in Chinese [65] , Spanish [66] , European [67] and Iranian populations [68] . However, a meta-analysis in Chinese population indicated that CTLA-4 +49A/G genotype does not correlate with Graves' disease [69] . Si et al [70] on the other hand, in a meta-analysis revealed that CTLA-4 +49A/G SNP is an important factor in increased risk of GD among Asian population.
A considerable association between G allele of CTLA-4 +49A/G SNP and increased risk of SLE has been found in Japanese and South Indian SLE patients while, many studies failed to indicate such an association in Asian and European population [71] [72] [73] [74] [75] [76] [77] . Interestingly, the meta-analysis performed by Zhai et al. revealed the protective effect of CTLA-4 +49A/G, GG+GA genotype against development of SLE disease in Asian populations [78] . Therefore, the role of CTLA-4 +49A/G, G allele in SLE trigger or development is not clear and more studies are needed to clarify the significance of CTLA-4 +49A/G polymorphism in susceptibility to SLE in different populations.
The role of CTLA-4 +49A/G polymorphism as a risk factor for autoimmune disease such as Hashimoto's thyroiditis, SLE, multiple sclerosis and systemic sclerosis in various populations studied in current paper from Americas, Europe, and Asia has not been approved [79] [80] [81] [82] .
One meta-analysis and two separate case control studies revealed that G allele of CTLA-4 +49A/G is associated with increased risk of RA in Asian and European population [83] [84] [85] . The CTLA-4 +49A/G, G allele on the other hand may have a role in reducing the risk of cancer while, A allele of CTLA-4 +49A/G may increase the risk of cancer.
In a meta-analysis by Dai et al. the protective role of CTLA-4 +49A/G, G allele against breast cancer among Asian has been shown [86] . Also, the role of CTLA-4 +49A/G SNP in cervical cancer development has been investigated in meta-analysis by Liu et al. They indicated that in Asian population the presence of A allele CTLA-4 +49A/G increased risk of cervical cancer by 1.16 fold [87] .
Similarly, a 1.36 fold increased risk of bone tumor was found for patients carrying CTLA-4 +49A/G, A allele in meta-analysis by Han [88] .
These studies suggest that the presence of CTLA-4 +49 G allele reduces the inhibitory function of CTLA-4 on T cells. Therefore, it is logical to propose that G allele of CTLA-4 +49 A/G increases the immune system activity and decreases the risk of cancer. As the immune system alone is not enough to inhibit tumor growth, the CTLA-4 +49 G allele is not the only factor responsible for loss of immune tolerance and onset of autoimmune disorder. We suggest that G allele of CTLA-4 +49 A/G may exacerbate conditions in which the immune response against foreign antigen will increase.
Consequently, in combination with other stimulus factors, which are effective in activation of autoimmune reaction this may lead to immune attack against body's cells.
Association of the AA genotype of CTLA-4 +49A/G with increased risk of renal, bladder, cervical and hepatocellular carcinoma (HCC) has been shown in Spanish, Chinese, and Indian populations [89] [90] [91] . Cheng and coworkers have provided evidence in support of significant association between the GG genotype of CTLA-4 +49A/G gene with gastric mucosa-associated lymphoid tissue (MALT) lymphoma [92] . However, there is a lack of correlation between CTLA-4 +49 A/G SNP with increased susceptibility to cancer in various populations from Asia [93] [94] [95] [96] [97] .
CTLA-4 CT60A/G (rs3087243)
This CTLA-4 SNP is located in 30 UTR region containing regulatory elements and can affect the mRNA stability, degradation, and nuclear transport reported by Bharti [98] . The role of CT60 A allele as a protective factor against autoimmune diseases and the CT60 G allele as a risk factor have been emphasized in several studies [99, 100] . Studies performed in Chinese and Spanish population have demonstrated that G allele of CTLA-4 CT60A/G increased the risk of GD and SLE diseases [65, 101] .
In spite of a case control study that indicated a significant association between increased risk of acute myeloid leukemia (AML) and CTLA-4 CT60A/G, AA genotype in Spanish population, Erfani et al. have shown that AA genotype as well as A allele may have protective roles against head and neck cancer in Iranian population [102, 103] . In addition, there are studies indicating lack of association of CTLA-4 CT60A/G SNP with cancer and autoimmune diseases [9, 74, 97] . Thus, the role of the CT60A/G polymorphism in CTLA-4 protein function and in pathogenesis of malignancies and autoimmune disorders remains unclear.
CTLA-318C/T (rs5742909)
Meta-analysis study indicated that CTLA-4 −318C/T, TT+TC strongly increased the risk of malignant cancer in Asian population [97, 104] . In two case control studies performed in Asian populations, the CTLA-4 −318 C/T genotypes were in correlation with a lower risk of developing gastric mucosa-associated lymphoid tissue (MALT) lymphoma and cervical cancer [87, 92] . In addition, CTLA-4 −318C/T polymorphism does not correlate with autoimmune diseases [79, [105] [106] [107] .
Thus, with regard to increased inhibitory function of CTLA-4 as a result of T allele substitution at position −318, it can be suggested that CTLA-4 −318C/T SNP is responsible for optimal immunological response to foreign antigens and prevention of autoimmune diseases.
Conclusion
The CTLA-4 SNP at position +49 in gene (A allele) may increase its inhibitory function and decrease T cell activation, which leads to weakness in immune response against cancer cells. In 
